Critical-current density, upper critical field, and hysteretic ac losses have been evaluated for a large (lOO-m long) sample of in situ formed Cu-NbJSn composite with superconducting volume fraction A~0.23. The magnetic field dependence of the critical current, measured in wire and tape samples of different reductions, cannot be explained by a model based on a single pinning mechanism. The enhancement of the pinning force in highly reduced tape composites is attributed to surface flux pinning at the filament-matrix interfaces. Hysteretic ac losses obtained by calorimetric and electronic measuring methods confirmed the results reported previously for small in situ samples. It has been shown previouslyl-J that in situ formed CuNb J Sn composites can have dc critical properties comparable to those ofthe best conventional composite superconductors with continuous Nb J Sn filaments. Furthermore, recent work on in situ Cu-Nb J Sn and Cu-Nb conductors has demonstrated that these materials are also remarkably strong. Their mechanical behavior cannot be adequately predicted by the rule of mixtures because of the strengthening mechanisms which come into play only when the filaments and the interfilament spacings are sufficiently small. 4 Another important consideration regarding in situ composites is their transport behavior in alternating magnetic fields. Preliminary electronic measurements of ac losses in small in situ samples of Cu-Nb J Sn indicated that even untwisted tapes and wires can behave as filamentary conductors. 5 The effective filament diameter was found to be one to two orders of magnitUde above the real filament size. These results require confirmation by measuring large samples using standard caiorimetric methods.
PACS numbers: 74.70. Ps, 74.60.Ge, 74.70.Dg, 74.70.Lp For most large-scale applications, superconducting filamentary composites should exhibit not only suitable dc critical properties such as high upper critical field Be2 and critical-current density J e (B), but also high mechanical load tolerance and low ac losses. All these requirements, which are often not met in conventional filamentary conductors, have stimulated development of new alternative techniques for fabrication of superconducting composites.
It has been shown previouslyl-J that in situ formed CuNb J Sn composites can have dc critical properties comparable to those ofthe best conventional composite superconductors with continuous Nb J Sn filaments. Furthermore, recent work on in situ Cu-Nb J Sn and Cu-Nb conductors has demonstrated that these materials are also remarkably strong. Their mechanical behavior cannot be adequately predicted by the rule of mixtures because of the strengthening mechanisms which come into play only when the filaments and the interfilament spacings are sufficiently small. 4 Another important consideration regarding in situ composites is their transport behavior in alternating magnetic fields. Preliminary electronic measurements of ac losses in small in situ samples of Cu-Nb J Sn indicated that even untwisted tapes and wires can behave as filamentary conductors. 5 The effective filament diameter was found to be one to two orders of magnitUde above the real filament size. These results require confirmation by measuring large samples using standard caiorimetric methods.
In this letter we report on critical properties and hysteretic losses in our first large sample of in situ formed CuNb J Sn composite. Comparison of critical-current density in wires and tapes of various aspect ratios presents evidence for an enhanced flux pinning in tapes.
A sufficient quantity (-100 m) of wire also enabled us for the first time to construct a multilayered coil and to measure ac losses by the calorimetric method. The results are compared with those obtained by electronic technique. Cu-12.5 at.% (18.2 vol. %, 17.3 wt.%) ingots were prepared by rf melting in a water-cooled crucible. 4 The twophase as-cast alloy was next swaged and drawn to a wire 0.126 mm in diameter without any intermediate annealing.
Shorter pieces of the wire were cut off at intermediate reductions (0.5, 0.25, 0.126 mm) or drawn further (0.05 mm) and rolled to tape with aspect ratios between 10 : 1 and 30 : 1 as shown in Table I . 2-m-long pieces of each tape and a single 100-m-long piece of composite wire, 0.127 mm in diameter, were then plated with tin by conventional methods and annealed in vacuum at 560 ·C for suitable lengths of time. The 100-m wire, intended for the calorimetric ac loss measurement, was wound on a quartz tube 4.44 cm in diameter, reacted, and without straightening wound into an open-ended solenoid 4.45 cm long, with ten layers, an inner diameter of 1.9 cm and an outer diameter of 2. 8 cm. The volume fraction of the superconducting material, A, in all annealed samples was approximately 0.23, assuming that niobium reacted fully with tin.
Critical-current density J c was measured at 4.2 K by a standard four-probe technique in transverse magnetic fields up to 20 T using the 1-,uV /cm voltage criterion. The upper critical field Be2 was determined resistively using current densities of 0.5 to lOX 10 6 A m -2. The direction of the external field was in all measurements parallel to the tape surface.
The ac hysteretic losses in a perpendicular ac field and also in the presence of a perpendicular dc bias field, Bo = 5 T, were determined calorimetrically at 4.2 K by measuring the flow of helium gas evaporated from the sample chamber and calibrated in a manner that was described earlier. 6 The volume of the calorimeter sample was -1.2 cm J and the measuring frequency ranged from 0.1 to 20 Hz. The electronic loss measurements 5 were performed at 20 Hz in the absence of dc bias field. The experimental techniques used for electronic determination of ac losses, including sample preparation, were described in Ref. 5. In Fig. 1 overall critical-current densities J e are plotted versus dc field intensity. The low-field J e 's are higher in ing the field. At lower fields the slope of the curves rapidly increases and is generally steeper for composites with greater R. This departure from the high-field behavior can be only partly attributed to the fact that the pinning law in its simplest form Fp <X b 112(1 -b)2 is no longer valid at lower fields. 9 We believe that the high pinning forces observed in tapes with small filaments can be attributed primarily to the enhanced surface flux pinning. Whereas in the wire conductors the individual ribbonlike filaments are oriented randomly with respect to the applied magnetic field, the filaments in the tape composites are all aligned in the rolling plane. This would explain the difference in the critical properties between tape No.5 and the wire composite containing filaments of comparable size, spacing and grain size. Furthermore, the pronounced anisotropy in both B e2 and J e (up to a factor of 2.7 at 16 T), with respect to the angle between the applied field and the tape surface, is consistent with this interpretation. 10 The curves in Fig. 2 can thus be viewed as reflecting the existence of at least two separate flux-pinning mechanisms and a possible contribution from the matrix material that is superconducting due to proximity effect. I I A more detailed analysis of these results is in progress. Besides geometrical factors and microstructure, critical currents in Nb 3 Sn-based conductors are known to depend sensitively on the stress state of the composite. The stress state ofthe A -15 filaments in wires and tapes, considered in this study, is assumed to be the same since the matrix-tofilament volume ratio is identical. Their transport behavior under applied stress is quite similar, 12 in agreement with the above assumption, and will be published in greater detail elsewhere. The negative effect of the compressive stress exerted on the filaments by the matrix can be substantially reduced by simply prestressing composites to -60 -70% of their ultimate tensile stress. The net effect of this procedure on one of the samples (No. 10) is shown in Fig. 1 . The improvement is considerable, with J e reaching 10 8 A m -2 at 14 T.
The ac losses in all samples were found to be predominantly hysteretic in the frequency range/0;;;20 Hz. The calorimetric data, i.e., the loss per unit volume per cycle, are plotted versus ac field amplitude Bm in Fig. 3 for two values of bias field, Bo = 0 and Bo = 5 T. If the wire behaves as a filamentary superconductor, the effective filament diameter and not the wire diameter will determine the field change required to fully penetrate the superconductor. The losses vary linearly with Bm when the superconducting filaments are fully penetrated and as B ~ when the filaments are penetrated only partially. At Bo = 0 the maximum available Bm 0;;;0.25 T was not sufficient to exceed full penetration and correspondingly the data vary as B ~ over the whole range of measured values. At Bo = 5 T, the loss is higher, as expected, due to the lower jc and the B m dependence is less than cubic. The field amplitude at which full penetration occurs is given by Bp ~4x 10 -7dje, where d is an effective filament diameter. The data at Bo = 5 T are in the transition region between full and partial penetration. The broadness of the transition region indicates a range ofje values and/or effective filament diameters. In any case, the data show that the wire can be considered a filamentary superconductor with effective filament diameters d -30 J.lm. This follows from themeasuredvalueofjc = 1.7X 10 9 A m-2atBo =5Tand Bm ~0.02 T at which it appears that the loss dependence starts to bend over from cubic. This effective diameter is approximately twice that determined previously5 in straight tape and wire samples of the same A = 0.23. There we found Bp ~0.25 T, consistent with Fig. 3 . Using this value and je = 2.1 X 1010 A m -2 from transport measurement at 0.1 T we obtained again d~30#m.
Losses measured by electronic techniques are also plotted in Fig. 3 . Two samples were measured. One was taken directly from the quartz tube after reaction and straightened for the loss measurements. The other was removed from the outer layer of the coil used for the calorimetric measurement and then straightened. As can be seen, the calorimetric and electronic data agree very well for the common sample. The virgin sample has losses which are consistently lower than the other indicating a higher je. Independent transport current measurements confirmed this. A lowerje would be expected in the calorimetric sample due to the strain induced during the winding process. The self-field critical current in a sample removed from the calorimetric coil was measured to be just 55% of that given in Table I 
We find the calculated values of hysteretic loss to be within 5% of values measured at both Bo = 0 and 5 T.
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